Objectives: This study aimed to evaluate the apical seal obtained with lateral compaction of gutta-percha in oval-shaped root canals prepared with either self-adjusting files or ProTaper Universal rotary files. Materials and Methods: Twelve pairs of extracted mandibular premolars with oval-shaped root canals were randomly divided into two groups. The first group was biomechanically prepared with ProTaper Universal files, while the self-adjusting file system was used in the second group. The roots were better filled using cold lateral compaction of gutta-percha. Apical microleakage was measured with the computerized fluid filtration method. The results were analyzed statistically using the Mann-Whitney U test. Results: All of the roots in both groups showed leakage. Group 1 demonstrated significantly less microleakage (p<0.05). Conclusions: Instrumentation of oval-shaped canals using a self-adjusting file system with cold lateral compaction of gutta-percha demonstrated significantly greater apical microleakage when compared to ProTaper Universal. The apical leakage with different filling techniques, combined with self-adjusting files, should be evaluated in further studies.
INTRODUCTION
Effective biomechanical preparation and hermetically filled root canals are considered fundamental requirements for successful endodontic treatment. The aim of root canal preparation is to remove infected pulp tissue remnants and microorganisms, as well as to shape the root -
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Ayça YILMAZ, Mithat Pasa Mah. Bahcekoy Cad. Cesmeler Vadisi Sitesi B2 34075 Kemerburgaz/Eyup/Istanbul/Turkey Tel: +905325163400 Fax: +902123623004 e-mail: aycasimsek@gmail.com canal system to facilitate irrigation and the placement of filling material. 1 Preparing a consistent and uniform canal shape enhances hermetic obturation of root canal fillings, which in turn provide the apical seal. 2 The goal of three-dimensional filling is to provide an impermeable, fluid-tight seal within the entire root canal system, to prevent oral and apical microleakage. Oval-shaped canals are relatively common configurations with a prevalence of about 25% in the apical third of teeth. Mandibular incisors and single canal premolars demonstrated long-oval canals 110 with a prevalence greater than 50 % at 5 mm from the apex.
4 (Wu 2000) . A micro-CT analyses of teeth have shown the frequent presence of oval canals along the entire root with a higher buccal and lingual wall thickness than the mesial and distal, including in the last few apical millimeters of the root canal.
5 Grande et al. 5 also found that the premolar root canals became more oval toward the coronal aspect.
Many different nickel-titanium (NiTi) rotary instruments are currently used to prepare root canals. NiTi files with good centering ability within the root canal lumen remove less dentin and produce rounder canals. 6 NiTi rotary files provide consistent and uniform canal preparation in the apical region 7 , improving the apical seal. 8 However, it has been demonstrated that these files perform poorly in ovalshaped canals. 9 Moreover, there have been only a few studies regarding whether use of NiTi rotary files has any effect on the apical seal of oval canals. 10 The selfadjusting file (SAF) system (ReDent-Nova, Ra'anana, Israel) was recently introduced, with the intention of keeping the natural shape of the root canal. The vibrating metal lattice of the file adapts itself to the canal walls, even in oval-shaped or Cshaped canals. This system is also designed to maintain continuous flow of irrigants while removing a uniform layer of dentin from canal walls. 11 The quality of root fillings has been evaluated using such leakage models as fluid filtration and dye leakage. 12 In fact, it has been demonstrated that all root canal fillings leak 13 and that complete fluid-tight seal of canals are uncommon. Oval-shaped canals represent a challenge, both in biomechanical preparation and in the filling phase of root canal treatment. 14, 15 Such canals require adequate cleaning and shaping procedures, as well as effective filling, to achieve hermetic sealing of the root canal system. The purpose of this study was to evaluate the apical seal obtained with lateral compaction of guttapercha in oval-shaped root canals prepared with either SAF or ProTaper Universal (Dentsply Maillefer, Ballaigues, Switzerland).
MATERIALS AND METHODS Selection and Preparation of Teeth
A total of 105 extracted mandibular single-root premolar teeth with no large decay or previous root canal filling were examined for the selection of canals with oval cross-sections. The buccolingual and mesiodistal diameters were measured at 6 mm coronal from the apex with a digital caliper (Mitutoyo Corporation, Japan). Teeth presenting with apical curvature and two canals were excluded from the study. A total of 52 teeth with buccolingual/mesiodistal diameter ratios of ≥2 were selected as oval-shaped canals. Four teeth formed positive and negative control groups. Radiographs from the remaining 48 teeth were evaluated to match pairs on the basis of similar root canal morphology. A total of 24 teeth (12 pairs) were chosen as the study group and were randomly placed in one of two experimental groups: Group 1: ProTaper Universal; and Group 2: SAF). Working length and apical patency were determined with #10 K-File (Mani Inc., Tochigi-Ken, Japan) inserted into the root canal until its tip was visible at the apex. Tooth length was standardized to 10 mm by cutting off the crowns of teeth for permeability test.
Biomechanical Preparation: ProTaper Universal
The first group of 12 teeth was prepared with ProTaper Universal rotary instruments (Dentsply Maillefer). A ProTaper Universal file was operated at 300 rpm with 2 N/cm of torque, using a pre-programmed motor (WaveOne, Dentsply Maillefer, Ballaigues, Switzerland). The root canals were instrumented following the manufacturer's instructions up to an F3 file. One set of instruments was used for each root canal.
The canals were irrigated with 4 ml of 2.5 % NaOCl between each instrument, resulting in a total volume of 20 ml of NaOCl. Irrigation was performed with a syringe, and a 27-gauge needle was placed at 2 mm from the working length. The smear layer was removed using 3 ml of 17 % EDTA for 2 mins, followed by 3 ml of distilled water. The negative control group was prepared in the same manner as the first group, but the positive control group was left uninstrumented.
Biomechanical Preparation: SAF Second group of twelve teeth was prepared using the SAF system. A glide path was established using hand files up to a size of #20 K-File at the working length. The SAF was operated using handpiece head (RDT3, ReDent-Nova, Ra'anana, Israel) for 4 minutes at 5000 rpm and amplitude of 0.4 mm. One instrument was used for each root canal. The irrigation hub on the SAF file was connected to a special irrigation pump (VATEA Irrigation device, ReDent-Nova, Ra'anana, Israel), which provided a total of 20 ml of NaOCl irrigation at a flow rate of 5 ml/min throughout the instrumentation. Three milliliters of 17 % EDTA for 2 mins were used, followed by 3 ml of distilled water.
Root Canal Filling
After completion of the biomechanical instrumentation procedure, the canals were dried with paper points (Dentsply De Trey, Konstanz, Germany). Adequate master gutta-percha cones with 0.02 tapers were coated with AHPlus sealer (Dentsply DeTrey, Konstanz, Germany) and inserted to working length. The root canals were then filled with cold, laterally condensed gutta-percha and AHPlus sealer. Size 25, 20 and 15 accessory gutta-percha points were condensed using stainless steel finger spreaders until the filling was completed. Coronal access was sealed with temporary filling material (Cavit G, 3M Espe, Seefeld, Germany). The filled roots were stored in 100% humidity at 37°C for 1 week to allow the sealer to set. The negative and positive control groups were filled with lateral compaction of guttapercha with AHPlus sealer. The negative control group was completely coated with three layers of nail polish, while an area of 1 mm around the apex was left uncoated in the positive control group.
Fluid Filtration Test
Apical microleakage was measured using a computerized fluid filtration meter, as described by Orucoglu et al. 16 The roots were inserted into the plastic tube from the apical side and were connected to 18-gauge stainless steel tubes. A cyanoacrylate adhesive (Zapit, Dental Venture of America Inc., Anaheim Hills, CA, USA) was applied circumferentially between the roots and plastic tubes. The computerized fluid filtration meter with laser system used in this study had a 25-µl micropipette (Microcaps, Fisher Scientific, Philadelphia, PA, USA) mounted horizontally. 16 O 2 from a pressure tank of 120 kPa (1.2 atm) was applied on the apical side. The pressure was kept constant throughout the experiment by means of a digital air pressure regulator added to the pressure tank. A 25-µl micropipette (Microcaps, Fisher Scientific, Pittsburgh, PA, USA) was connected to the pressure reservoir with polyethylene tubing (Microcaps, Fisher Scientific, Pittsburgh, PA, USA). All of the pipettes and syringes and the plastic tubes on the apical side of the sample were filled with distilled water. The water was sucked back with the microsyringe to approximately 2 mm. In this manner, an air bubble was created in the micropipette, and this bubble was adjusted to a suitable position within the syringe. The computerized fluid filtration meter was based on the basic light refraction at the starting and ending positions of air bubble movement inside the micropipette (Figure 1 ). Through one side of the micropipette inside the device, an infrared light was passed. Two lightsensitive photodiodes were arranged on the opposite side of the micropipette to detect any movement of the air bubble inside micropipette. All of the operations were controlled with PC-compatible software (Fluid Filtration'03, Konya, Turkey). A 5-min pressurization preload of the system was completed before readings were taken. Measurements of fluid movement for each sample were automatically obtained at 2 minutes during the 8 minutes of testing using PC-compatible software. The software converted the minute linear movements of the bubble into nanoliter movements at a rate of one measurement. This information was then input into the PC-compatible software. The leakage quantity is expressed in units of µl.cm H 2 O.min -1 , and the means were calculated.
Statistical Analysis
The results were analyzed statistically using the Mann-Whitney U test between the two experimental groups, using SPSS for Windows (SPSS Inc., Chicago, IL, USA), version 15.0. The significance level used was p<0.05. Table 1 
RESULTS

DISCUSSION
Three-dimensional filling aims to provide an impermeable, fluid-tight seal over the entire root canal system, preventing coronal and apical microleakage.
3 Oval-shaped root canals tend to have buccal and lingual recesses, which can present a challenge to the clinician at the filling stage. In the present study, the apical seal obtained in ovalshaped root canals using SAF were compared with those using ProTaper Universal. ProTaper Universal was chosen because its effectiveness in root canals has been well investigated in the literature. [17] [18] [19] [20] The SAF system was recently introduced, and it has been claimed to affect a larger percentage of the root canal wall than rotary NiTi files do. 21 Several methods have been proposed to establish the sealing ability of procedures or materials in root canal filling. Fluid filtration testing is the most widely accepted leakage-measurement method compared to other methods, including linear dye leakage and electrochemical methods. With the fluid filtration technique, the specimens are well preserved after each assay, allowing for analysis at different study periods. This method was proved advantageous, with sensitive and reproducible results. 22 The computerized fluid filtration meter used in this study had the primary advantages of computer controlled and digital air pressure arrangement, compared to conventional meters. Moreover, the movement of a small air bubble can be observed with computer-controlled laser diodes. 23 NiTi rotary instruments might enlarge the root canal sufficiently to achieve a certain thickness of master cone. However, the instruments are less effective when dealing with canals with oval crosssections. These instruments create round preparations, leaving untouched buccal and/or lingual extensions in oval-shaped canals. 19 In contrast, most root canal systems have round cross-sections in the apical parts, even if the middle and coronal parts of the roots present oval canal shapes. 4 Previous studies have reported that oval-shaped root canals taper to rounder shapes apically because the long diameters of oval canals decrease in apical areas. 25, 26 In one study, no significant difference was observed in the percentages of unprepared root canal walls using SAF or rotary instruments in the apical third of the canal. 21 Versiani et al 21 reported that the size of the SAF preparation in the apical third of the canal was equivalent to those prepared with #40 rotary file with a 0,02 taper. Taha et al 24 compared the canal shapes created in oval-shaped root canals by three preparation techniques, and they stated that the use of rotary NiTi files in the apical third should be considered the preferred technique for oval-shaped canals. In the present study, specimens prepared with ProTaper Universal yielded better results with regard to apical seal. This result might be attributable to the apical cross-sectional shape of the root canals.
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Dentinal debris can become wedged in isthmus areas and recesses when root canals are prepared with rotary instruments. 27 Incomplete removal of this debris can result in root canal blockage 28 , negatively affecting the quality of filling. 27, 29 The untreated parts of the root canal system can serve as potential areas for leakage. The remaining debris can also influence the short-term results of apical leakage tests.
We assumed that the SAF system could reach all of the areas of the root canals superiorly; however, this assumption did not positively affect the sealing ability in the present study. These conflicting results might have been due mainly to the filling technique. Lateral compaction, being the most popular technique, was chosen as the filling method in the present study. However, uninstrumented recesses might not be completely filled by cold lateral condensation in oval-shaped canals. 26 Because it might have only limited ability to fill entirely the empty recesses cleaned of debris with the SAF, cold lateral condensation might not be achieved properly. De-Deus et al 17 evaluated the filling ability of a thermoplasticized carrier-based technique in canals prepared with the SAF system. They reported that the SAF system improved the filling quality of oval-shaped canals. The SAF system, in combination warm gutta-percha techniques, should be investigated in further studies to obtain more comparable results.
In conclusion, instrumentation of ovalshaped canals using the SAF system, with cold lateral compaction of gutta-percha, demonstrated significantly higher apical microleakage compared to ProTaper Universal. Homogenous preparation of the root canal walls could not provide complete apical seal in oval canals. The apical microleakage with different filling techniques, in combination with SAF, may be evaluated in future studies.
